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RESULTS  OF REACTION CONTROL SYSTEM
ON-ORBIT.JET SIMULATION USING AN 0,0175-SYSTEM

CONFIGURATION 3 SPACE.SHUTTLE ORBITER MODEL.(21-0) .. ... ..

IN THE LaRC 60-FOOT VACUUM SPHERE {OQA99)

By J. Marroquin, Rockwell International Space Division._ .
ABSTRACT

An experimental investigation was canducted in the Langley Research
Center 6Q-foot Vacuum Sphere (test 0A99) from March 26 thrcugh April 12,
1974, ta obtain detailed effects of the RCS. jet flow direct impingement
on the Orbiter during on-orbit flight of the Space Shuttle Vehicle.
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- tle Vehicle during an-orbit flight.

INTRODUCTION

o test conditions are in Table.I. .

a 10 1b. capacity load cell.

ditions and corrected to total vacuum conditions. . A plot of both mea-

ij sured and theoretical thrusts as a function of model. plenum pressure is

f‘ in figure 2i.

modes.using a duminy sting.

diameter balance. (number HHO9).

Two .pressure.hook-ups were used.

Nozzles were.calibrated at near vacuum._con-

4

5 An experimental investigation was conducted.March 26 through.April

Langley Research Center 60-foot

Vacuum Sphere.was the test site; Orbiter Model 21-0 was used. Nominal

RCS flow.was simulated by blowing a jet of cold air from non-metr: .
nozzles attached to the.model sting support system near the fuselage-base
gf E (figure 2d). Thrust was. obtained by setting the nozzle plenum pressure

(as specified by-the nozzle calibration).. Nozzle thrust was measured by

Three-RCS on-orbit flight conditions were simulated._ Six-component.
t: force data were measured on the complete model using the LaRC. 0.50-inch
( It was supported by a LaRC sting.

Six force.data runs, including three re-runs, were recorded at var-
ious sphere pressure levels and displayed on oscillograph. recorders. Model

pressure data, applicable to several altitudes, were obtained for two RCS

Oné hook-up, uséd during tésts of
pitch down jets (N7O), measured pressures on.the wing, bodyflap, SSME, and
fuselage. (see Table IVa). The other hook-up, used .during tests of pitch-.

up jéets (Ngg), measured pressures on the vertical tail (sée Table Ivb).

12, 1974, to detérmine RCS direct impingement effects on the Space Shute—...
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NOMENCLATURE
general
2lot
Symbol ~ Symbol Definition
Sgp BDFLAP bodyflap deflection angle, degrees
8e ELEVTR elevator deflection angle, degrees
SpF RUDFLR .  rudder flare angle, degrees
a ALPHA angle of attack, degrees
B BETA angle of. sideslip, degrees. . .. .
Pa atmospheric pressure, psia
Reference and C. G. Definitions
bref BREF wing span or reference span, ft
Lref LREF reference length or wing mean aerodynamic chord, ft _
sref SREF . wing area or reference area, ft2
MRC MRC moment reference center
C.G. center of gravity
Body-Axis System

N NF narmal force, 1bs
A AF axial.force, .1bs
Y SE. side force, lbs
m PM pitching moment, in-1bs
n Y™ yawing moment, in-1bs
4 RM rolling moment, in-1bs




Plot.
Symbal Symbol

Apef

RCS
SSME
OMS
MPS.
L/H ..
R/H

NOMENCLATURE (Concludéd)
Additional Nomenclature

Definition ..

model.RCS plenum chamber pressure, psia.

spheré pressure prior to run, microns
sphere pressure.after run, micront
model plenum chamber temperature, °F

sphere chamber temperature, °F

Simulation Nozzle Design .

nozzle throat area, in2

reference area, in2

exit

mass flow rate of the.nozzle, lbm/sec
vacuum thrust of the nozzle, 1bf
specific heat .

expansion ratio

nozzle .lip angle

plume shape parameter

Newtonian impact angle

Abbreviations.

reaction control system

space shuttle main engines

orbiter manéuvering system.. .
main propulsiaon system

left hand side

right hand side




CONFIGURATION INVESTIGATED. ___

- The.test article (provided by Rockwell) was an .0.0175-scale model

(21-0) of the VL70-000139 definition of the SSV Orbiter Configuration 3.
The model was constructed of light weight, glazed cast foam with fixed

)

control surfaces. A three-view drawing of the model showing the prin- %g:
cipal dimensions and.photographs of the model installed.in the chamber MWW“WMHWLAW

are shown .in figures 2a and 3a, respectively. .

The model was installed vertically in the LaRC 60-foot Vacuum Chamber....
The RCS plenum-nozzle assembly was non-metrically attached to the sting,
Nozzle Ngg (yaw control) and Nyg (pitch down control) was located ci the
left side .of the RCS plenum. Nozzle Ngg (pitch up control) was located

on the plenum right side. Each nozzle contained two orifices, through

which cold air flowed, as shown in figure 2e. Orifices were plugged .on.

non-firing nozzles.

The following nomenclature was used to designate the model components:

B T SR I T AR DO

0 = Byy Cy Ep2 Fg Mg N3g Rg V5 W3

Component , Definition

Bi7 Vehicle configuration 3 fuselage lightweight Orbiter per 2
Rockwell lines VL70-000139. . ! ‘

C7 Basic vehicle configuration 3 canopy per Rockwell 1ines :
VL.70-000139

Eoo Basic.vehicle configuration 3 elevon per WiQ3 Rockwell
lines VL70-000139

Feg Basic vehicle hody flap 3 configuration per-Rockwell

N lines VL70-000139

Me Modified OMS=RCS.pod for.the Rockwell SSV. configuration 3

(V1.70-000139)
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RCS Nozzles

Neg

Neg

N70

Configuration 3A MPS noz2les

Bagic vehicle 3 configuration rudder per Rockwell lines
VL70~000095

Basic vehicle configuration 3 1ight weight Orbiter. Center-
1ine vertical tail doublewedge airfoil with rounded leading .

edge. VL70-000139 and VL70-000095 .

Vehicle configuration 3 wing per_lines VL70-000139 (same plan--

form as Wgg except dihedral at TE). .

L/H yaw nozzle, not canted
R/H pitch up, hot.canted

L/H pitch down, canted 12° AFT and 20° outboard

L 1
A3 /




RCS NOZZLE DESIGN

The simulation technique employed for. the nozzle design was based on.
| the.analytical._method of Hi11 and Draper, in which a single unique para-
g ; meter, A, was derived.that closely approximates the internal iso-properties i
- of a vacuum plume, _The correlation between test and full-scale flight
} 3 forces, moments, and pressures is summarized below.. _%%g
o 2“
- full scale mode]
o PCS Jet.Characteristics
;“
g Chamber Pressure, PC 150.psia 1000 psia
L Chamber. Temperature, Te 5450°R 530 °R
Specific Heat, y 1.232 1.4
- Nozzle Throat Area A* 3,619 in.2 0.0011045 in,2 i
, Expansion Ratio, ¢ 20 6.2
i Nozzle Lip Angle, op 9° . 10°
-; Exit Area, Ag 72.382 in.? 0.00685 in.?
{ Exit Mach No., Mg 3.93. 3.4 .
i Mass. Flow Rate, M 3.287 1bm/sec - 0.0242 1bm/sec
Vacuum Thrust, TH 950 1bf. 1.78 1bf.
Simulation Parameter
Plume Parameter, A 4.74 4.74 (matched) j
Throat Area Ratio (A*/A 3.619 4 3.619 (ma;ched) i
Total gressure Ratio 5.47 x 107 5.45 x 10/(close) o
(Pc/PA '
i
¢
% 1.
¥ N
i {
gtf




RCS NOZZLE CALIBRATION

The RCS nozzles were calibrated in the intermittent blowdown-vacuum
test section 7' x 5' x 16' Test Chamber Rocket Nozzle Test Facility at .
the Los Angeles.Division from 13 through 15 March 1974, . The calibration
determined nozzle thrust as a function of plenum chamber.pressure (Pc).,

Test chamber and nozzle plenum chamber pressures were recorded by a .
dial gage, Nozzle thrust was measured by a Revere No. 244267, 10- .0 .capa~
city load cell. .All thrée nozzles were calibrated .under near vacuum con-
ditions to simulate the same on-orbit flight conditions tested in the

LRC vacuum sphere; see Table I. Calibration results are shown in figure

21i.
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TEST FACILITY DESCRIPTION.

The 60-foot Vacuum Sphere at Langley Research Center, Hampton, Vir-
ginia is shown in figure 3.. This cell is capable of simulating pressure
altitudes_over 91.5 Km. (300,000 ft.). Evacuation is continuously maintain-
ed by six o1l diffusion pumps.

Test OA99 .data were recorded within 570.mi1]iseconds.after RCS jets
commenced firing to maintain adequate.pressure altitude. A high speed
electronically operated, hydraulically controlled valve (located outside .
and under the test chamber) was used to control RCS jet. flow.. The valve
was operated'with hydraulic pressures between 450 psia and 1000 psia.

Vacuum chamber initial pressure, final pressure, and nominal tem-

perature are presented in Table I for -each run.

N
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DATA REDUCTION

Force and moments measured. by the Orbiter internal strain.gauge bal-

» 1
ﬁ ance were reduced about the MRC X, = 1076.68, Z, = 375.0, and Y4 = 0.0 |
| (Table V). |
: ) £

| Pressure.data were obtained on. three oscillograph recorders and hand &éa
'\ . A

reduced (Table VI).
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TABLE III. - MODEL DIMENSIONAL.DATA

MODEL COMPONENT : BODY - By

GENERAL DESCRIPTION : __Fuselape configuration, lightweight orbiter

—per-Rockwell-LinesVL70.000139 .

Y
- MODEL SCALE: 0.0175
DRAWING NUMBER :'__VL70-000139
DIMENSIONS.: FULL SCALE ~ MODEL SCALE |
, Length o In. - _1290.3 - _22.58025 ,
[ Max Width - Za. 267.6 4.6830 )
Max Depth - In. 2kk.5 L.27875 .
i . Fineness Ratio . 4.82175 4.82175 (
: Area - Ft2 | | 386,67 0.118308 3
Max. Cross-Sectional _ H
Planform . »
Wetted : ‘ ‘ E

Base .
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S *REVISED 4/2l/74

___TABLE III. - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT :___CANOPY - Co

GENERAL DESCRIPTION : __Configuration 3 per Rockwell Lines VL70-000139

~MODEL_SCALE: 00,0175

DRAWING NUMBER - VL7270 -0001 39

DIMENSIONS : FULL SCALE

*Length (X =433 to X,= 578) IN.FS _145.00

MODEL SCALE

| 2.538

Max Width ' —57.14

9.99950

Max Depth

Fineness Ratio

Areq. . -

Max. Cross~Sectional

Planform.

Wetted

Base —

17
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TABLE IIl. - MODEL DIMENSIONAL DATA - Continued.
MOCEL COMPONENT: ELEVON - Eag -

GENERAL DESCRIPTION: _3 confieuration per Wny Rockwell Lines
VL70-000239 data for (1) of (2) sides.

MODEL SCALE; 0.0175

DRAWING NUMBER: VL70-000139
DIMENSIONS: FULL-SCALE" MODEL SCALE
Area - F2 205.52 0.06203
Span (equivalent) - In._ 353.34 6.18345
Inb'd equivalent chord ' 114.78 __2.00885
Outb'd equivalent chord . 55.00 _.0.96e
Ratio movable surface chord/
total surface chord ,
At Inb'd equiv..chord _ —0.208 __0.208
- At Outb'd equiv. chord —_0.400 _0.boo
Sweep Back Angles, degrees
Leading Edge —_—.00 -0.20_
Trailing Edge , - 1024 . 1028
Hingeline —0.00 —Q.00

Area Moment (Normal to hinge line) pt3 _jcug.o7 —0.00820

- ———— = - — -
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N e TABLE III. - MODEL DIMENSIONAL DATA - Continued. -

' “r

. MODEL COMPONENT :___BODY FLAP - Fg '

GENERAL DESCRIPTION : _Body mw | *

- per Rockvell Lines VL70-000139.

L MODEL SCALE; 0.0l e

u A hL2 - Jita 4

DRAWING NUMBER ® ___VL70-000139 :

DIMENSIONS : o FULL SCALE  MODEL SCALE

= Length- In._ . 84,70 1.48225

ﬁ Max Width.. - In. 267.6 L6830

E‘ Max Depth

S .

’ { . Fineness Ratio

Area - F,ta ,‘,‘

Max. .Cross~Sectional —l2.5195 0.0l30k
Planform e |
Wetted . , s 1

Base ~ 38.0958  0.01167
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TABLEIII, - MODEL DIMENSIONAL DATA - Continued.

MODEL COMPONENT :___OMS FOD - M.

GENERAL DESCRIPTION.: _Configuration 3
Aft end of OMS POD cut off for RCS installation. See Figures 2 and 3 i
and Convair Model Drawing No. WP-73-108150. , 3‘&
MODEL. SCALE: 0.0175
DRAWING NUMBER VL70-000139
DIMENSIONS : ) FULL SCALE  MODEL SCALE
. Length (OMS Fwa: Sta X_=1233.0) 327.000 _.5.7225 ,
Mox Width (@ X, = 1450.0)  _  _ 100.000 _ 1.9075
Mox Depth
. FinenessRotib
Areo
Max.. Cross~Sectional
.
Planform —
Wetted
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TABLE I1I. ~ MODEL DIMENSIONAL DATA' = Continued,

HONEL COMPOLENT s _,MIE.EQZZ.L-‘K‘\;:;..}!%M

GEELEAL DESCRIPTION: . _ Confipuration 34 MP3 Nozzles

_MODEL_SCALE =_0.0175., .

DRAWING NO. __Se¢ fimuress .
DIMENSIONS

Mach No.

Length~in,.
Gimbal Point to Lxit Plane. ...
" Throot to Exit Plene .
Diameter ~in,
Exit
Throat
Inlet
Area ~ft2,
Exit
Throat
Gimba). Point (station)~in.
Uppe}z(‘ Nozzle

NOT USED
Y

Z.

lover Nozzles
Y
Z.

Null Pogitisn ~deg.

Upper Nozzle ...
Pitch
Yav

Lover Nozzles
Pitch
Yew

21 ..

JODEL_SCALE

gk.000

_1.642

~—-Q.01175669

LY N« .

4+ 83,000

~—-25.585

9.9275

42,7

5.99725

oo
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| *REVISED b /24 /74
| TABLE III. - MODEL DIMENSIONAL.DATA - Continued,
- MODEL COMPONENT: __RUDDER - Re
L GENERAL DESCRIPTICN: 2A, 3 and 34 Configuration per Rockwell Lines
' VL70-000095
- - 3
| MODEL SCALE: 0.0175 U3 !
- |
- DRAWING NUMBER: V170-000005
| |
} | DIMENSIONS ; FULL-SCALE MODEL SCALE
- Rrea - pt? 100.15 0.03L  _
Span (equivalent) . gp. 2010 38175

Inb'd equivalent. chord 91585 15007k |
| 1 | Outb'd equivalent chord 50.833 0.88958 |
| Ratio-movable surface chord/ |
total. surface chord
t At Inb'd equiv. chord 0.400 Q. %00
o - At Outb'd equiv. chord 0.400 0.400

Sweep ‘Back Angles, degrees :
Leading Edge 3% .83 .83 b
Fo
o Trailing Edge 26.25 26.25 '

Hingeline 34.83 34,83 ,

* Area. Moment ( Product of Area & c) - Ft3 526,13 ,
*Product of Area and Mean Chord - Ine. —_l3e SER— - ) N
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TABLE III. -.MODEL DIMENSIONA.), DATA - Continued.

MODEL. COMPONENT :_ VERTICAL = V.; _

GENERAL DESCRIPTIONs

rounded leading edge.

Centerline Verti 1 Tail, doublewedpe airfoll witn

MODEL SCALE: 0.0175

DRANING NUMBER:

AL7Q-000132, V1.70:000095 .
DIMENSIONS: FULL-SCALE MODEL SCALE
TOTAL DATA
Area %Theo) - Ft2 L o
. Planform 425 0 0-130L2
Span (Theog. In 3572 552510
Aspect Ratio 1675 I 575
Rate of T?per 0807 . 0507
Taper-Ratio ook ook
Sweep Back Angles, degrees
Leading Edge ‘ 45.000 . TSV
Trailing Edge 26,249 28.2h9
g.ZS-Element Line. 41,130 —A1.130
Chords: '
1g?ot( %Ehe?)wv;i’ 268.50 4.60875
p eo . : 108.47 1.89823
MAC 199.81 2.149687
Fus. Sta, of .25 MAC 463,50 _25.61125
W, P, of ,25 MAC'. 635, 522 111216
- B. L, of .25 MAC - 0.00 .00
Airfoil Section :
Leading Wedge Angle - Deg 10.000 10.000
Trailing Wedge Angle Deg 14.290 ~1bk.290
Leading Edge Radius 2.00 2.035Q
Void Area 13.17 . ——0.23048
Blanketed Area ECHIN —0.22173




o S TP

R RODUCIRILITY OF THE
ORIGINAL PAGE IS POOR

[

TABLE. LII, - MODEL DIMENSIONAL DATA - Concluded.

MODEL COMPONENT:__ WING-W ...

lad o~ AR

AENERAL DESCRISTION:  copfiruration 3. Orbiter per Lincs V1.70-000139.

il

__MODEL_SGALE: _0.,0175

TEST_NO,.
DIMENSIONS:

TOTAL DATA 2

Area wineo.) - FtS
planform

Span (Theo In,

Aspact Ratio

Rate of Taper

Taper Ratio '

Dinedral Angle, degrees

Incidence Angle, degrees

Aerodynamic Twist, degrees .

Sweep 3ack Angles, degrees
Leadi Edge
Trail. _ Edge :
0.25 Element Line

ords: :
Root éTheo; B.Pe0.00
.&p’, IheO B.P'

c
Fus. Sta. of .25 MAC
.. M.P, of .25 MAC

B.L. of .25 MAC . . \
EXPOSED DATA 2.
Area (1neo)

- Ft
Span, (Theo) - In. BP108.
Aspect Ratio. :
Taper Ratfo.
Chords

Root BP108

Tip.1.00 %

MAC '
Fus. Sta, of .25 MAC
W.P. of .25 MAC
B.L. of .26 MAC -
Airfail Section (Rockwell Mod NASA)
XXX X~64

Root b =
Tip b.z
| J—
7
Data for (1) of (2) Sides
. Leading Edge Cuff o
Pilanform Area - Ft

Leading Edge Intersects Fus M. L. @ Sta
. Leading Edge Intersects Wing @ Sta .

24

DWG. NO.

FULL-SCALE

m'm-nnm%{g

MODEL_SCALE

U7 N W 7 2
0.200 0.200 .
—3e00, +.3.000
Az.gm_...
- 10.2h -lo.24
25.200 _ 35.209
—£8.2u . 120601
VAN 21237
—u7n 81 £.200115.
13580 . A2.809375.
299.20 5:236 .
EETERCEN 2187275
1752.2 0.53655L _ -
"'E"%g_' T20. ) 12'.%215'2: =
2,058 2,058
2l e
'%'—B"" 3785 ~2.512375
E‘OD.O, - . _&m_—
1935.9 19.,112‘

=™
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TABLE VI, RCS DIRECT IMPINGEMENT PRESSURE DATA

RCS Jet Group: Right side, Up-firing

Run 13 i
Tap. # Imp. Press. ~ P1 MMHq Pc = 1000 Psia
36- 0.65
j g; 1.25..
% i 2.10
? 39 2.60 -
1 40. . 1.70 s 1
41 0.15. ——— '
: 42 0.50.
43 0.85
44 . 1.45
45 1.95.
I 46 1.80
S &7 -0.10
L 48 0.75 —
s 49 1.40
50. 1.25
g RCS Jet Group: Left side, Down-firing Run 9
g Tap # P1 ~ MMHg Tap # P1 ~ MMHg Tap # Py - MMHg
1 0 13 0. 25 — 13.0 {
2. 0 14 N 26 .2
3 A 15. Vi 27 .5
4 . 16 8.3 28 o
i 5 J 17 1.9 29 0.
6 1 18 .2 30. 2.
‘ 7 N 19 0 31 A
; 8 N 20 27.0 32 0.
' 9 A 221 110.0. 33 5
10 . .5 22 3.0 34. .8 t
1 .6. 23 38.0 35 L3 -
12 .2 24 8.0
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X, = 26.285 X, v 27.305
et 1,020 jeg—

00020""—. *— )

W.L. 8.6800

W.L. 80025

\ ' ; W.L. 7.3100

MR S

| © ——p= 1.000 \-‘——

X, = 26.305

c. Mg OMS Pod
Figure 2. - Continued.
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| | :
k’ Ii ‘.‘\l#}‘;f:'
; ‘ ' o Lol ) T4 [ -
.
< J-
LEGEND: )
@ DARK CIRCLE AT 32ME,
NOZZLE JELL TOP ¢ &
ONE OUT AND DOWN 30°
TOTAL . 3 TAPS
¢ INV, CIRCLE OX TOP OF
THE BODY FLAP BODY FLAF
TOTAL & TAPS.
O ON REFT SIDE WING TOP . e MPS LOWER
! TOTAL 19 TAPS , ‘ ©_ENGINES i

GIMBAL POINT — rrf?g

AN ’ . \
N 1"
¢/ - .137.85
X, = 1136.84 - Cp
X7 1528.3
X 1367 BODY R:F. ‘
H. ELEVON :
i f. L/H Wing, Body Flap_and SSME Nozzlé Pressure Tap Location/Identification. :
; ‘ :
: Figure 2. - Continued. '
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L/B WING SURFACE PRESSURE TAPS (19)

‘ !Tg-t.' _, E | v "!_o ’ LOCAY :UN |
| u 1 1320 225 (19) PRESSURE TAPS LOCATED ON ___
. ' THE UPPER I/B WING SURFACE
. 2 1320 261 . A
3 1320 30
{ b 1370 | 170 w
5 1370 225 A3 /
;‘ 6 1370 281 | |
g 7 1370, 340
8 1370, 400 ]
9. 124 130
10 1420 170
11 1418 225
% 12 1614 261
13 1412 340
W 1408 400
‘ 15 1478 135
' 16 1472 170 ]
17 1466 225 |
18 1456 281 \ o
19 1448 340 (19) PRESSURE TAPS LOCATED |
ON THE UPPER L/H WING SURFACE |
. ) f. Pressure Tap Locations
, Figure 2. - Continued.
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-’w’ ' BODY FLAP PRESSURE .TAPS (6)
. TAP X Y LOCATION .
RO, - 2 .
‘ 20 1556 85 (6) PRESSURE TAPS LOCATED ON
; THE UPPER L/H SIDE OF BODY FLAP
a1 1556 112 , ' 1
- . 2 1562 . 58 e
03 {
a3, 1582 . 106 i
;_; ; 24 1604 . 15
o
: 25 160k 100 (6) PRESSURE TAPS LOCATED ON

B

THE UPPER L/H SIDE OF BODY FLAP .

-

SSME NOZZLE BELL PRESSURE TAPS (3)

TAP Xo | Y, LOCATION
%0, — - —
g - ,
33 1556 ¢ THRUST  FWD UPPER CENTERLINE OF THRUST ..
, OF SSME NOZZLE BALL. _ |
34 1604 g THRUST  AFT UPPER CENTERLINE OF THRUST
. OF.SSME NOZZLE BALL
a 35 1582 30° OFF LEFT HAND SIDE OF SSME NOZZLE ;
- CENTER. BELL LOOKING FWD, 309 CCW FROM :
o CENTERLINE OF TERUST '
|
Pressure Tap Locations. 4‘
Figure 2f. - Concluded. i i
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3
4
|
|
—
|
|

X, 1390 X% 1k92.0 X, 1528.3

Snsebii—

1369.0

g. L/H Lower Aft Fuselage Pressure Taps

Figure 2. - Continued.
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) ) i =

>

o

NO.

26

28

31

L/H LOWER AFT FUSELAGE PRESSURE TAPS (7) _

%

1492.0

1492.0
1438.0

1390.0.

1390.0
1369.0
1350.0

Z

358.0

312.0
335.0
358.0
312.0
312.0

342.0

LOCATION.

L/R LOWER AFT FUSELAGE
(BOAT TAIL AREA)

A

' -

L/H LOWER AFT FUSELAGE
(BOAT TAIL AREA)

Pressure Tap Locations

Figure 2g. - Concluded.
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i.

h. Pressure Taps on the Right Side of the Vertical $tabilizer and Rudder
Figure 2. - Continued.
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e

TAP
NO.

49

L8

36

39

b1

43
bk

ks

k6
bt

VERTICAL TAIL (R/E) PRESSURE TAPS (15)

%o

1533

1495
1460

1616 .

1587
1557

1528

1500
k71

6L

1619
1596
1576
1553
1423

Y, LOCATION

ThO R/E SIDE OF THE VERTICAL
TAIL AND RUDDER

700 A
660
780
7h0
T00.
660
620
580
Tho
TO0
660
620

580 Y

620 R/H SIDE.OF THE VERTICAL
TAIL AND RUDDER

Pressure Tap Locations
Eigure 2h. - Concluded.
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¢. Pressure .Tap and Transducer Installation Photograph-Plan View

. - Figure 3. - Continued.
R»I‘.Pliuu UCLBILITY OF THE
ORIGINAL PAGE IS POOR, 45




d. Pressure Tap and Transducer Installation Photoyraph-Side View

Figure 3. - Continued,.
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|
!
|

e. Hyd. Valve System Installation

REPRODUCIBILITY OF THF 47
WG LIAL PACE IS POOR

Figure 3. - Continued.’




LaRC 60-foot Vacuum Sphere Facility

Figure 3. - Concluded.
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Figure 5.

Left Wing Impingement Pressures.
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Impingement Pressures on Right Side of

Vertical Tail.




